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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL MEMORANDUM NO. 358.

THE FUNDAMENTAL PRIKCIPLES OF HIGH-SPEED
SEMI-DIESEL EKGINES.*
By Dr. Biichner.

PART III.
A Discussion of Fuel Mixing and Ignition,
with Special Reference to Engines with

Precombustion Chambers.

In connection with Hesselman's experiments, it was inci-
dentally shown how quantitative observations of the air currentsg
methodically made, may not only contribute to ultimate success,
but may also form the indispensable basis for it. The Deutz
horizontal solid-injection engine ig a further proof of this
contention.

It is one of the few solid-injection Diesel engines which
antedate the war (Fig. 26). I+ works with a relatively low
compression (35-30 atm.). When the fuel is gas oil, Sponfane—
ous igniticn occurs at 25 atmospheres. Gas oil is therefore
generally used as the priming oil, when a difficultly ignitible
fuel, -such as alcohol or coal-tar oil, is used for continuous
operation. The engine is but slightly sensitivé to the nature

of the oil used.

* From "Jahrbuch der Brennkrafttechnischen Gresellscha.ft,‘-l Volume
v (1924), pp. 90-1086.
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The engine has a divided compression chamber of the kind.
much used in small gas engines (Fig. 27). The larger compart—
ment is formed by the cylinder proper, in which the piston
works; the smaller, by the valve chamber into which open the
fuel-injection valve, the air-intake valve and the exhaust
valve. A cylindrical neck connedfs the valve chamber with the
slightly conical end of the wofking cylinder. The working pis-
ton has a conical ﬁead (called "displacement head" or simply
*displacer"), which, toward the end of the compression stroke,
forms a constriction between the two chambers (Fig. 28) and, in
common with the neck and the annular chamber, helps to form an
annular opening and an adjacent, gradually expanding annular
nozzle which, in turn, opens into the full circular cross sec-
‘tion formed by the annular chamber.

By this diffuser, which has a variable cross section, there
is generated, during the whole injection process, an enveloping
mantle, which is in a state of lively agitation from its origin
at the mouth of the annular nozzle, due to the frequent changes
in direction and in cross-section.. This agitation is intensi- .
fied when the individual air filaments, on issuing from the an-
nular nozzle on their way toward the cylinder axis, mutually
push one another from their direction of motion and assume the
form of a hollow cone, which is reversed, as regards the cone
formed by the annular nozzle, and opens toward the valve chamber

and is gradually dispersed in eddies.
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N.A.C.A. Technical Memorandum No. 353 3

Thé completeness of the combustion, as proved by experi-
ment, depends largely on the height.of the Qdisplacer" and the
dimensions of the annular opening between the displacer and |
the cylindrical neck. | |

In every cylindef with its compression chamber divided ac-
cording to Fig. 27, the piston works against two different com-
pression ratios, -a - 8 ! a for the annular space R and
b -8 ! b for the cylindrical center X. I am following X.
Schmidt's explanation ("Zeitschrift des Véreines‘deutscher Inge-
nieure," 1922, p. 1135 ff). The pressure differences, which
are consequently generated between the spaces R and X and
which constantly strive to eliminate themselves, keep up a con-
tinuous flow from the space R tdﬁard the space K.

‘The curve e, in Fig. 27 represents, according to E.
Schmidt, the kinetic energy, generated per unit of mass by the
qugntity of air passing from R to K per division of time or
crank angle, as the piston approaches the dead center toward
- the end of the compression stroke, on tnﬁ assumption that com—
plete pressure equalization takes place %etween the spaces R
and XK. The course of the curve e, depends on the compression
ratios determined by the dimensions of the engine and on the
line of thelmean compression ﬁressure. With the ratios. obtain-
ing in practice, it reaches its maximum value at about 23° be-
fore thé inner dead center, then falis rapidly in a concave

curve, passes through zero at the dead center and then acquires
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negative values.

The curve e, applies to a 100 HP. engine with a "dis-
placer." It falls less steeply between 20%nd 2° before thé
dead center, so that the amount of energy required for improv-
ing the mixture and the combustion is available very near the
dead center. Moreover, the energy available for the formation
of eddies at the crank positions, corresponding to the begin-
ning of the ignition, is about twice ab great as in an engine
without the displacer piston head. E

After ignition, the mixing is assisted by the combustion .
of the fuel particles. Just zfter the dead center, as a conse-
quence of the pressure difference between the spaces R and X,
a retrograde motion sets in from X to R, which is likewise
accompanied by strong eddies. Thus the air necessary for com-

plete combustion is brought into contact with the still incom-—

"pletely burned portions of the fuel charge.

In judging the "displacer" from the diagram in Fig. 37,
1t must be borne in,mind that the special form of the air man-
tle determines the result. We can hardly expect any apprecia-
ble refinement of the atomization, since the reglon where the
fuel and the air cone meet, is too far from the fuel and air:
valves, so that the velocities of the fuel and alr pa¥ticles
ére_small at the}{_??QSﬁing_PQiQﬁ: ﬁggﬁifuel cone is received
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by the air mantié ab+by a shell and, sthce the latter is in

especially lively ag&;#%ibn-on its inner surface, the fuel
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clouds are dispersed, but are simultaneously confined in air and
thus profected from immediate contact with the metal walls.
The high air veloclty in the cylindrical throttle opening pro-
duces a strong heat_absorptidn, which is equivalent to an in- >
ternal cooling of the valve chamber and a recdvery of - the fuel
‘heat, which latter facilitates ignition.

The central fuel injection merits special emphasis. In
the first development stage- o% the engine, the fuel was intro-
duced laterally into the neck, so that it was dispersed by the.

air stream after the manner of the well-known "peeling" method

of atomization. The transition to the central fuel injection
resulted in a considerable saving of fuel.

It is frequently assumed that the Deutz displacement en-
gine is possible only in the horizontal type, but the Deutz
Engine Works, with its vertical V¥ engine, has made a solid-
injection Diesel engine, whose combustion chamber has not the
least similarity to their displacement engine.

That the displacement engine can be directly combined with
the vertical type ié demonstrated by the engine of Ruston and
Hornsby, Fig. 28a (&f. "Engineer," of Feb. 15, 19234, p. 180),
whosé valve chamber, aside from the neck, has practically the
same shape as that of the Deutz displacement engine. Thé stens
of both inlet and exhoust valves are placed horizontally. The
vaives are combinations of disk valves with guide plates, which

serve to relieve the valve spindles {mushroom valves). There
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is no "displacer" on the piston, but there is, between the valve

-~ chamber .and- the working cylinder, a neck with a noticeable con-

striction. In so far as thls neck renders difficult the pres-
sure equalization betwecﬁ the spaces before and behind it foﬁard
the end of the compression stroke, the air flow from the work-
ing cylinder toward the valve chamber will contribute to the
ngitation of the contents of the latter, up to the'vicihity of
the dead center, and, in the emptying of the valve chamber to-
ward the working cylinder, the constriction helps to increase
the homogeneity of the ignited fuel mixture.

The injection valve (Fig. 28b) corresponds exactly to the
valve of Grieve-Livens shown in Fig. 9 (Part I). Since the
valve chomber has a rectangular cross scection with rounded cor-

ners, & flat fan-shaped fuel jet is produced, whose plane is

perpéndicular to the common axis of the inlet and exhaust valves.

On the outer end of the valve stem, provided with labyrinth
grooves, there is a second valve, whose seat forms a 1lift 1lim-
it fpr the valve and allows the fuel escaping along the stem
to enter a fuel pipe until it reaches its seat. This method
of construction is intended to facilitate the working of the
valve. |

The method of improving the formation of the mixture and
the combustion with the aid of a "displacer" piston has under-
gone many modifications. The engines of Tartrais-Peugeot, F.

Ernst Bielefeld (Hamburg) and the Schneider Locomotive Works
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(Winterthﬁr) will serve as examples.

' The Tartrais-Peugeot engine (Fig. 29), probably the first
high~-speed heavy-oil engine in Europe for motor cars, repre-
sents a transition phase between the hot-bulb engine and the
solid~injection Diesel engine with spontaneous ignition. The
hot bulb has the form of an annular chamber. It is cloSed at
the top with a cover in the centér of which the injection valve,
surrounded by a water jacket, is located. The hot bulb is sup-
ported underneath by the cylinder head and secured by a thread-
ed connecting tube, which is entered by the piston-head dis-
placer near the end of the compression stroke. This lcaves an
annular opening for the passage of the compressed air from
the main combustion chamber to the preliminaryhcombuétion
chamber. In the displacer itself there are small obligue chan-
nels which supply a weaker central air flow in conjunction
with the annular air flow. The upper cdge of the connecting
tube 1s located slightly below the mouth of the fuel valve
(Fig. 10a, Part I) and the top of the displacer, at the dead
center, is only a2 1little lower, as shown by the hatched out-
line of the displacer in Fig. 39. HEHence the annular air
fﬁ stream strikes the fuel spray perpendicularly with great veloq—'
ity, blows 1t to pleces and carries the fuel along with it into
the hot bulb. According to Tartrais, the volatile constitu--
ents of the fuel evaporate immediately, while the héavier,

st111 liquid, portions are Iurled, by their centrifugal force,
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against the glowing walls of the hot bulb. Here they are also

Vaporized and the resulting vapors are carried along as indi-.

cated by the ATTOWS . The fuel mixture is ignited by-the com- |
bined action of the compression-heat and the high temperature
of the walls of the hot bulb. The central air stream is in-
tended to hit the fuel valve at a lower velocity, so that the
fuel will not be thrown against the relatively cool portions
of the hot bulb in the immediate vicinity of tﬂe fuel opening.
The constriction in the displacer is worthy of notice, since it
produces (on the'inner surface of the compressed annular air
stream in contact with the fuel jet) a strong eddying motion
which facilitates the mixing of the fuel and air and the com-
bustion of the resulting product.

The following data on the type P.H.L.3 of the Tartrais-
Peugeot engine are taken from a paper by I. L. Chaloner (In-
stitution of Automobile Engineers, London, February, 1823,
"High Speed 0il Engines")..

It is a two-cylinder, two-stroke-cycle engine of 35—50
B.HP. of 130 rm (4.72 in.) cylinder bore and 150 mm (5.91 in.)
ﬁiston stroke. Its revolution speed is 1400 R.P.M. and its
weight per HP. is 5 kg (11 1b.). It has a special scavenging
punp. Its-good combustion is'demonstrated by its low fuel
consumption of about 180 8 (6 35 oza}mpe HP. at full load.
The pressure at tng1éﬁd of the compress1on is about 230 kg/ cre

(284.5 1b./sq.in.) and‘the maximug’ colbuqtlon pressure fluctu-
Memor + A -oaulicd
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ates between 28 and 33 kg/cw® (398.3 t0-455.1 1b./sq.in.). The

scavenging preséﬁfé“is'OLBEPkg/cmgu“(4.98'1b./sq.in.) and the

injection pressure is cbout 45 kg/cr® (640 1b./sqg.in.).

Teble I gives the principal data of a twelve-day trial

trip, for the purpose of testing the engine in omnibus traffic,

regarding the utilizability of various easily obtainable fucls.

Engine:
Vehicle:

Total weight:

Total distance:

Table I.

Type P.H.L.3 (3-cylinder 120/150 mm).
Standard S.T.C.R.P. omnibus.
81238 xg (17919 1b.) (9 &. fully, 3 4.

. partly loaded).
1609 km (1000 miles).

| Specific |Mesn speed | Kilometers | Fuel-cost

Fuel gravity | in km/hr. | per liter ratio
Kerosene 0.805 19.0 2.9 1.0Q
Gas‘oil 0.835 17.7 3.1 0.35
Light fuel oil 0.885 17.1 3.4 0.283

On Oct. 2-3, 1922, a touring car was tried out on the route

Paris-Bordeaux-Paris, with the results given in

Table II.

Engine: Type P.H.L.2 (2-cylinder 120/150 mm).
Venicle: - Standard 6-seat touring car (5 passengers)
Total weight: 2490 kg 55490 1b.).
Total distance: 1090 km (677 miles)..
Specific | Speed in km/hr. Kilometers
Fuel gravity b per liter
: !Me&n Maximum .
I
Gas oil 0.836 | 48.3 80.0 . 6.38
| .
}
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In order to compare this engine with a carbufetor engine
“of the‘ordinary'automobile»type,»two omnibuses of the same
type, one equipped with a 4-cylinder carburetor engine (105/
150 mm) and the other with a 35 HP 2-cylinder P.H.L.2 oil en-
gine (130/150 wmm), were driven two whole days, under perfectly

similar conditions, with the results given in

Table III.
Engine Fuel Xm per liter |Fuel-cost ratio
Carburetor
(4 x 105 X 150) Gasoline 2.3 1.00
P.HeLe2 Gas o0il 3.0 0.16
(2 X 120 % 150) | Light fuel oil 3.4 0.11

Table III shows a decided advantage for the P.H.L.3 en-
gine over the ordinary carburetor engine, the fuel cost for the
former, with light fuel oil, being only about 11% of what it
was for the latter, with gasoline.

In the Bielefeld engine shown in Fig. 31, the precombus-
tion chamber is pear—-shaped and the fuel nozzle projects into
~1t. Thus there is generated in this chamber an anmular eddy
which, on its inner sice, strikes the fuel jet from above and
carries the fuel vapor toward the "displacer.! Bielefeld
speaks of "air éddies in conjunction with fine atomization fox
‘producing quick combustion" and shows diagrammatically how the
mixing can be advantageously accomplished. |

The same principles are also applied in the engine shown
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in Fig. 30, which is likewise a two-stroke-cycle engine. The

~ Bcavenging alr is supposed to undergo a reversion of its direc-

tion of motion in the vicinity of the fuel valve, so that, near
the end of the compression stroke, when the projection on the
piston head approaches the projection on the cylinder head, an
annular eddy is formed which outs'the piane of the fuel-valve
opéning (Fig. 30, below).

The two-stroke-cycle engine of the Schneider Locomotive
Works at Winterthur (Fig. 32) also belongs to the type with
divided combustion chamber and "displaéer." The fuel is in-
jected axilally downward into the elongatéa, laterally-bulging
preoémbustion chamber. The scavenging air likewise enters this
chamber at the top through an annular valve. By means of spi-
ral projections in the lower part of this chamber, the scaveng-
ing air is distributéd over the larger cross section of the
working cylinder and moves, in the direction of the cylinder
axis, to the exhaust ports. Thereby the outer layers of air
retain their circular motion. During the upward stroke of the
piston, these iayers (forced out of the workiﬁg cylinder by
the piston and retaining their rotary motion) again flow by
-the spiral surfaces and are deflected in the opposite direc-
tion, thereby being violently agitated and sometimes leaving
an inngr cylindrical column unaffected by the spiral projec-
tions and having essentially a simple axial flow. These vio-

lent eddies are still further strengthened when the "displacer"
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projection on the piston head enters the precombustion chamber.
The displacer is relatively short and is'rcqndedLﬁo fit the
walls of the precombustion chamber.

| The first German firm to put on the market a high-speed

solid-injection Diesel engine is probably the "Hawa'" ("Hannover-

" ische Waggonfabrik"). The cylinder cross section of the latest

polycylinder "Hawa!" two-stroke-cycle crude-oil engine differs,
however, from the form shown in Fig. 33, in that there has
been addaed a special scévenging pump to take the place of the
annular projection on the working piston which previously
servad to generate the scavenging air current. In other re-
spmects, the essential detalls of the original cngine have been
retained, the shape of the combustion chamber, the location of
the exhaust valve at the upper end of the cylinder and the lat-
eral position of the injection nozzle being especially notice-
able.

Thelscavenging air enters the lower end of the cylinder
throuzh tangential slots. It is thus given a rotary motion,
which is not only retained to the end of the compression stroke
but is strengthened as a result of the displacer effect of the
oufer edge of the piston head and the deérease in the moment of
inertia of the rotatirg mass of air. The fuel 1s injected into
the lens-shaped rotating air disk in the form of a faﬁ with the
aid of a lip nozzle {last nozzle in Fig. 11, Part I), or (ro-

cently) in the form of a cone (Fig. 8b, Part I). The single-
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cylinder "Hawa' crude-oil cngiﬁe'furnishes 15 HP. at 600 R.PeM.
The~cy1inder~b0re is 140 mnm (5;51 in.). The pistop stroke ieg
200 ma (7.87 in.). The fuel consumption is 200-220 g (7.05-
7.76 oz.). The combustion air is compressed to 38-30 atm.
(398-43%7 1b./sq.in.). No definite detzils have jét been pub-
lished concerning the polycylinder engines, which are said to
have been made in powers of 40-80 HP. with special scavenging
punps.

Articles have recently appeared in the newspapers on the
Acro engine of the Acro Engine Company in Kussnacht (Switzer-

‘o )
. L . : . .
land) and the Dorner eangine of the Dorﬂ%r Engine Company in

Hemmover, which have attracted considerable attention. Regard-
ing the Acro engine, we have at hand communications from Prof.
A. Loszchge (Munich) an¢ Prof. Kurt Wiesinger (Zurich) from
which the following data are taken.

It is a gingle-cylinder vertical four—-stroke-cycle engine,
furnishing 6 HP, at 1000 R.P.M. and 9 HBe at 1500 R.P.M. It 7
has a cylinder bore d of 100 mm (3.94 in.), a piston stroke 4§9
s of 140 mm (5.51 in.), a stroke volume Vy of 1.1 liters
(1100 cm® = 67.1 cu.in.) and a ratio s/d = 1.4. The length

1 of the connecting rod is 360 mm (1G24)in.), which gives a

B»

connecting-rod ratio r/1 = 1/3.72. According to the statement

of the firm, the compr6381on ;atlo_e 1s 19 thus making the

i

volume of the comp“é

sion space oS 1»11ter %100 cm® = 6.1 ou.in.).
ohe relured o
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would be about 20 atm. (284 1b./sqg.in.) at full load. The en-

" gine-has two spring-intake-valves and 4two spring exhaust valves,

which are actuated by ah overhead camshaft.

The 01l pressure in the pressure pipes is 80-100 atn.
(1138-1423 1b./sg.in.) according to the statement of the firm.
The regulation of the oil flow, to correspond to the load, is
effected on the suction side by a device which was operated by
hand during the experiments. There is algo a device which ren-
ders it possible to change the injection point to correspond
to the revolution speed and, lastly, a device for varying the
tension of the spring in the nozzle.

The fuel was a dark mineral gas oil, .with a petroleum odor,
which had a specific gravity of 0.85 at 189C (64.4°F). Its mean
heating value was found by a Junkers calorimeter to be avout
10,030 kcal/kg. |

This gas o1l has small quantities of volatile constituents,
but consists principally of substances which distill only at
high temperetures: 17% at 350°C (483°F); 55% at 300°C (572°F);
78% at 350°C (862°F). A considerable quantity of yellowish
paraffin was deposited in the solid state in the condenser of

the distilling apparatus. The residue in the distilling flask

.was Gark and viscous and had a fatty-o0ily odor.

In fig. 34 the fuel consumption per HP./hr. is plotted
against'the effective horsepower at the four revolution speceds

of n = 1000, 1250, 1380 and 1500 R.P.M. The revolution gpecd
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of the engine has comparatively little effect on the specific
fuel consumption. For all revolﬁtion speeds from 1000 to 1500
R.P.M. it lies below 206'5457.05'oz.) ﬁﬁm% 5.5 to 10 HRy anl.
attains a minimum value of about 185/§ (g.5s'oz.) per HRg at

1380 R.P.}M. and 7-8 HRy . From this we calculate an efficiency

- 633 X 100 - 24 7 - .
of Ny 10050 % C.18E Sf.lp, a result which has probably

not been surpasged by any small high-speed engine.

The exhaust was invisible up to a2bove normal load and con-
tained no soot nor oil particles. It first became slightly
colored under excessive loading. The exhaust temperatures
were relatively low and reached valuss between 800 and 700°C
(1112-1293°F) only at high loads and revolution speeds. The
fuel-consumption figures at idling speed were alw;x% low.

Prof. Wiesimger found a fucl consumption of 17515 g (6.12 oz.)
for a minimum revolution speed of 500 R.P.M., with a lubricat-
ing-0il consumption of 8.7 g (0.3loz.) pef hour. Prof. Loschge
found & fucl consumption of 340-500 g (8.47-17.64 oz.) at a
minimum idling speed of about 700t R.P.M.

In order to test the starting ability of the engine, cold
water of 11°C (51.8°F) was run through the engine for about 10
minutes bofore cranking up. Even in this case, the engine was

started. The pump was started by a few turns of the crank, so

that it delivered the fuel to the injection nozzle in the right

manner as socn as the engine was started, which never required

more than one or two turns of the crank. It ran steadily, from
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the start, &t its minimum idling cpeed.

-Regardiﬁg the Dorner solid~injection 2-cylinder heavy-oil
engine, Prof. Newmann of Hannover made the following statements.
This four-stroke-cycle engine has two air-cooled cylinders of

2SE -, .
\mTQQ om (37.56 in.) bore and 100 mm (3.94 in.) piston stroke,
arranged in the form of a V. The normal revolution speed is
1400 R.P.M. The cylinders woTk with spontaneous ignition and
solid injeotion produced by a fuel pump for each cylinder.
The specific gravity of the gas oii was 0.864.

Two experiments were tried (the first with normal load and

the second with excess load) with the followlng results:

Experiments I IT
R.P.M. 1400 1400
Brake weight 3.8 kg(8.378 1b.) 5 kg(11.023 1b.)
Fuel volume per hr. [1436 cm®(87.6 cu.in.) | 3084 om® (137.17
. CU inq
Effective HP. 4.5 6
Fuel consumption
per hru?{¢$§1§{ 1.24 kg(2.73 1b.). 1.8 kg(3.97 1b.)
Fuel consumption - '
per H2,/hr. 0.275 kg(0.808 1b.) 0.3 kg(0.661 1b.)
Mean eff. piston 3.75 atm. (53 1b./ 5 atm. (71 1b./
pressurc sq.in.) 5q.1in.

Thermal efficicncy :
for 10000 kg-ocal 0.23 0.21
.or, 17999 B.d.u./1b7
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The combustion was perfect. After the. conclusion of the
experiments, the inside of a cylinder was inspected and found
clean, both as regardé the sides and the top of the combustion.
ohémber. It follows from the mean effective piston pressure .
that the cylinder volume was well utilized, 1t being 3.75 atm.
(53.3 1b./sq.in.) for 4.5 HRg. The engine could be temporarily
overloaded up to © HR,, whereby tﬁe mean éffective piston pres—
sﬁre rose to 5-atm. (71 1b./sq.in.). For an increase of
33 1/3% in the effective HP., the fuel consumption rose only
9%.

Due to the peculiar structure of the nozzles, they were
not harmed by small particles of dirt in the fuel, since thcey
are celf-cleaning to a certain degree.

In order to render the atomization visible, the fuel pump
and nozzle were umounted and the gas oil was sprayed into the
opén air., It gave an extremely fine conical spray, which
could be easily ignited with a match.

The Dorner Engihe Company of Hannover added the folloﬁing
comparison of the 6perating cost of an automobile for two or
three persons (or a delivery wagon for 250 kg (551.2 1b.) of
useful 1oad), when driven by a heavy-oil engine, with the oper-
lating cost of the same vehlcle when driven by a gasoline en-

gine.
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l. Operating cost for the gasoline vehicle.
Gasoline .- 1.53 marks
Lubricating oil 0.18 "

Tires ' 1.43 "

Total 3.11 " for 100 km, or about
3.1 pfennigs per km.

‘2. Operating cost for the heavy-oil vehicle.
Gas oil 0.33 marks
Lubricating oil 0.18 f
Tires 1.15 "

Total 1.64 n for 100 km, or about
1 2/3 pfennigs per knm.

The heavy-o0il vehicle therefore shows a saving of nearly 50%;
However strongly the interest of the public has been
aroused by the above information, it will naturally not be en-

tirely satisfied. It is-obvious, however, that, as regards
the revolution speed and the fuel consumption, a turning point
has -been reached in the development of high-speed semi-Diesel
engines,

Although the sources fiom which to draw informatioﬁ and
inspiration in the field of high-speed half-Diesel engines,
now flow very scantily and therefore every attempt to present
their principles can only be regarded as an imperfect sketch,
thls does not preclude the pdssibiiity of finding, even now,
the characteristic lines to which every future presentation

of the subject must refer. To me the following seems especially
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important and therewith I will resume my provioué line of
thought-.-

Many processes in carburesor englnes could be satlsfactorlly
eyplalned only after we had become acoustomed to think of the
currents and eddies arising in the combustion chambers. These
contribute greatly to the improvément of the heterogeneous mix-
ture before combustion and more than offset the harmful oooling
effect of the metal walls on the burning gases by transﬁitting
heat to the still unkindled mixture. The mixture can be ren-
dered turbulent cither éuring the suction stroke, by the high
intake velocity and the deflecting action of the intake valve
or, during the compression stroke, by the changes in the shape
of the coupression chamber and by the shifting of the center
of grevity of the cylinder charge. The sccond method is espec—
ially efficacious when it takes effect immediately before the
passage or the sparkx. Often this situation has automatically
.arisen when (in spite of the advocacy in technical literature
of the so-called spherical oombustiqn chambers) divided combus-
tion chambers were employed, with the valves located in side
chambers. Often, however, the advantages connected with turbu-
lence are intenticnally increased to the utmost, as in the
Yturbunlence engines" in which there are constrictions between

the WOIklﬂg cylinder andﬂthe valve ohaﬁbe31?
The six combustlcn chumber~~1n 1T‘lg ‘35 are from the text

foy

2y
book of H. A. Huebotter {-g, g“iechanlcs qf the Gasoline En—

( ,MH ?‘
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; gine," op. 36-27, New York, 1923). In four of the combustion

B L

chembers, arrows indicate the nature of the curreants and ed-

dies produced by the marginal and deflecting action of the in-
take valves. There are, moreover, two types of cylinders ren-
i resented, in which (near the inflowing currents and located
| above them) the currents and eddies generated during the caom-
! préssion ztroke are espccially prominent, because the shape of
the couvression chamber ohanges.suddcnly, as the piston ap-
proaches the top dead center, and the mixture, driven out of
the cylinder by the piston, must pass through narrow channels
into the valve chamber or chambers.

Just as, in carburetor engines, both divided and unciviced
combustion chembers have been successfully used, so also, in

solid-injecction semi-Diesel engines (either low or high specd),

! no standard combustion chamber has yet bcen evolved, not cven
in the two main groups, which are customarily distinguished,
] namely, the precombustion eagines and solid-injection engines

: with undivided combustion chambers.

Fig. 36 shows a few examnles of precombustion enginos in
which the volume of the precombustion chamber is but a small

fraction of the whole combustion space. These are the cngincs

“of the Worthington Pump and Machinery Corporation, U.S.A., of
the "Western" Suter (type B.V.), U.S.A., E. T. Adams and Sons,
Los Anzcles, California, U.S.d., Hannhein Engine Works (formerly-

5 . . R 1t - e
Benz and Company), stationary engines, Helnrich Kamper Enginc
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Works, YMarienfelde, and the Deutz Engine Company. In the firet
three makes the precombustion chamber is strongly cooled. The
"Western" Suter Company lays especial emphasis on the need of
keeping the walls of the injectioﬁ nozzle and p:ecombustion
chamber at a unifdrﬁ temperature by cooling with water,-in or—
der that no change take place in the fuel and that no combus-
tion residues be deposited on the walls. The engiﬁes of Beng
and Company (Mannheim Engine Works) and of the XAmper Engine
Worlks have an ignition lining in the precombustion chamber,
which has only small comtact surfaces in common with the cooled
portions of this chamber and which conseguently produces, in
the portions touched by the fuel, the high temperatures rc-
guired for ignition. In the Deutz engine, which in future
will replace the Brons engine, the precombustion chamber is
moderately cooled (cf. Prof. Wkgel, "Dieselmaschinen," pube
lished by the "Vereines deutscher Ingenieure,' Berlin, 1933, p.

23). The Deutz engine has, moreover, a second injection noz-

~zle for introducing fuel directly into the disk—shaped main

combustion chamber.

When the precombustion chambers are kept at moderate tom-
peratures, the shape of the diffuser and of the immediately
adjoining portion of the precombustion chamber requires spe-
cial attention. Here differences which, regarded externally,
may . scem unimportant, can produce much altered flow relations

and therefore decisively affect the mixing tefore the bezin-
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ning of the.combustion. The relativesly low injection pressure
—is~offcn represented as an especlal adVantape_ofq?recegﬁistion
engines. Pressurcs in the vicinity of 50 atmr.(71{iiib./3q.in.)
arc sometimes mentioned. Therdby'it should not e forgoticn

that fucl and air often meét inside the diffuscr, in pure coun-

ter-flow, under conditions where, as the result of the over-

expansion of the ailr stream, air velocities arc generated
which excecsd the veloclty in the narrowest passage; namely, the

neck of the d¢iffuser. Fuel nozzle and diffuscr together con-

gtitute an inseparable whole in judging their combined action.
Although but few of the detalls of the fuel nozzles of

successful precombustion engines have yot been published, it

mnay at least ve seild that the present tendency is to avoid

2 e

spreading the spray excessively on its axial introduction into

the prccombustion chamber. Hence the preference is given to
nozzles with annular openings and small lateral angles. The
fear of "selective" combustion, i.e., of premature combustion

i

{

of the volatile and easily ignitible constituents of the fuel ;
{

nay have contributed to this preference, as likewise thc desire |
to retard the Ycollective" combustion (+the corbustion of the

fuel as a whole) and, in conjunction with the pressure increase

at the veginning of the combustion, to obtain as long a con-

stant-precssure line as possible.

The engine of the Worthington Pump Machinery Corporation

(Fig: 30) morits o bricf explanation. It has slot-shaped
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scavenging oorts, the intake ports being directed steeply up-
ward. The degree of contact between the air and the injected
fuel and, consequently, the degrece of the combustion in the
precombustion chamber are debtermined by the kind of fuel and
by the direction and the surface area of the injected drops.
The fuel cloud approaches the'opening, which connects the pre-
combustion chamber with the main combustion chamber, leaving

a certain reserve supply of air in the outer part of the pre-
combustion chamber. This reserve air is driven, along with
the fuel cloud, out of the nrecombustion chamber into the main
combustion chamber and mixes with the fuel, so that the com-
bustion léasts. longer, than if all the alr were thoroughly ﬁixcd
Wifh the fuel at the outsct. The diffuser neck consists of an
easily rcplaceable piece of shcet metal, which has a conica
shape on the precombustion end and either a cylindrical or
conical shape on the cylinder end. The odges are sharp, so
that it may de regarded os an opening in a thin wall.

In all the other eagines represented in Fig. 36, a series
of holes is employed for connecting the two .combustion cham-
bers, as is customary in ignition-cartridge engines ("Zund-
kapselmaschinen"). Where is the line to be drawn between ig-
nition-cartridge and precombustion-chamber engines? Even in
ignition-cartridge engines there has recently been an incrcas-
ing tendency not to store up fuecl in the cartridge during the

intake stroke, but to inject it during the compression stroke.
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The direction and humbér of injection holes are adanted
to the shape. of the main combustion chamber. The above-quoted
observations (of lackechnie, Dcutz, Hesselman and others) give
importont indications concerning the introduction of round
liguid jets into the combustion chambers, although a prelimi-
nory mixiﬁg produces a nore elestic fluild than the liquid fucl.

No detailed experimental results are at hand on the flow'
processcs in the prOcombﬁstion chambers of precombustion en—
gines. Perhaps the rescarcnes of the Semmler Consortium on gos
turbines (cf. also Gentsch, "Untersuchungen der Gas- und
Oelglecichdruckturbine"), caxn throw a little light on the sub-
jeet, as also, converéely, he development of gas turbirnes may
be proueted by our increased knowledge of the motion of burn-—
ing gascs from the observation of pnrecombustion engines.

Furthemmcere, I call your attention to the cross-sectional
deveclopnent of the precombustion chamber in the direction of
its axis, to its volumetric rclations in corparison with the
main combustion chamber, to the location of the injection open-
ing inside the chamber and to similar, purelyr geonetrical but
decisive characteristics for the nrocesses in the cylinder
cross section according to Fig. 38.

In conclugion, I will refer %o a small collection of com-
bustion charfoere which, in contrast with the precombustion en-
gines, have a relatively closed fom, including the combustion

chanmbers of the Augsburg-Nuremberg Engine Works, of Krupp and
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of Professor Junkers, which are still reggrded as standard in

Germany. .However much the outlines of these combustion chambers

i
.

in Fig. 37 may differ from those in Fig. 36, there is still a
- common bond. Heraclitus says: "Everything flows." This applies
to all fields of human endeavor, to small and greét events. It
also applies to that branch of mechanical engineering which

forms the sulrject of nmy lecture. Sperry's engine (Fig. 37),

with 1ts high-pressure combustion chamber and the side chamber

in which is located the valve leading to the mean-pressurc

f cylinder, reminds us of the carburetor engine with the side
chamber as shown in Fige 35. Also in the remaining engines,
strong air currents are generated at thec end of the compression
stroke, since we here have to do with graded compression cham-
bers whose separate compression stages have distinguishable
compression ratios.

Romeyn's engirie has a special stationary "displacer" on
the cylinder head, which generates a spiral eddy in the annular
combustion chamber, the fuel entering the latter at one or more

“points.

Even in Junkers' combustion chamber, whose diagrammatic
representation in Fig. 37 at first gives a purely static im-
pression, there is much agitation, since violent eddiles are

produced in the fuel jet itself by the special nozzle and the

jet enters an atmosphere which has not regained its equilibrium

‘after the conclusion of the scavenging process.
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I have now reached the end of my remarks. I have more
than once realized that the data at my disposal are very scanty.
They are discoveries upon which I stumbled as I turned my .
glance and'steps afar, but the fact that they come from botgg??
and abroad imparts to them perhaps some little value:.

In spite of all striving for individual freedom, in spite
of zeal for one's own criginal creations, the. inventor must
not lose sight of the accomplishments of others, lest he fall
behind in the contest with individuals and nations. My desire
is that this discussion may help to give my colleagues a broad-

er view of the whole field.

Translation by Dwight-¥. Miner,
National Adviscry Committee
for Aeronautics.
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